To study the transport and/or transformation of a particular molec ular species, a second substance, which need not be chemically identical to that species, can be employed, Equations are derived for the steady-state velocity of the molecular species that use values found by use of the second substance.
In studying some of the transport and biochemical properties of a particular molecular species (here after referred to as the primary molecule, sub stance, or material), an analog of the primary sub stance is often used. Frequently the analog em ployed is the same as the primary material except that one or more atoms have been replaced by their radioactive isotopic counterparts, for instance, 3H or 14C. A large body of theory has been devised for this particular case. However, a more general ap proach may be used in which the second substance, the "analog," need not be chemically identical to the primary molecule. The purpose of this paper is to develop a suitable set of equations for a particu lar type of a primary substance -secondary substance system. An example of this case is the utilization of [14C]deoxyglucose for the investigation of glucose metabolism in the brain (Sokoloff et aI., 1977) or [14C]leucine for the study of protein synthesis in the brain (Smith et aI., 1980) . For this treatment the primary molecule will be assumed to undergo a series of steps. Either a trans portive or a transformational process can be in volved at each stage in the overall scheme, but at least one of these steps in the series must be irrever sible. Moreover, it is assumed that the system's parameters are constant with time and that the con centration of the primary material at the input into the system is constant. As a result of these assump tions, the primary material's rate of movement through the system, v, will be constant.
For the second substance, the major assumptions are that this substance, too, undergoes a series of transportive and chemical steps and that after the final step, this material is bound or trapped in the system. No assumptions concerning the similarity and magnitude of the second substance's rate con stants relative to those of the primary substance are invoked. Additionally, it is presupposed that the system's parameters are unperturbed by the pres ence of the second substance, as, for example, when it is present in the system at a very low or tracer concentration. Overall, therefore, the system is linear with respect to this material.
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For the development of the following equations, the second substance's concentration at the input to the system, C�(t), can be variable or constant, but it must be known. Moreover, it is assumed that
To obtain an expression for v in terms of ct(t), the primary substance's concentration at the input to the system, C1', and of the amount of the second substance bound within the system, C�(t), let P* be the probability that a molecule of this material that is present at the input will be bound or trapped be fore it leaves the input by other means. Thus, Ct(oc) = I� p*ct(t) dt.
(2)
Since the system has constant parameters and is linear with respect to the second substance, P* is constant and independent of C�(t). Therefore, C�(oo) = P* I� CMt) dt.
(3)
Let P be the probability that a molecule of the pri mary material that is present at the input reaches its irreversible step. Hence, (4)
Since the system has constant parameters, P is also constant with time. Now we shall define a constant, Ie, such that Ie = P*/P,
where Ie is dependent on the system's parameters and C 1" but is not dependent on C�(t). Substituting Eqs. 3 and 5 into Eq. 4, we have
With t = oc, Eq. 5 is the limiting result of Eq. 30 of Sokoloff and colleagues (1977) , and in this situation, Ie is their "lumped constant." Their Eq. 30 was derived for a very specific geometrical model of the system, but Eq. 6 is valid under much more gen eral conditions with respect to the numbers, kinds, and arrangement of steps than those used by Soko loff et al.
Using the above equations a simple inequality may be found for the experiment performed for a J Cereb Blood Flow Metabol, Vol. 1, No. 1, 1981 finite length of time, T. Consider an experiment which is infinitely long and is identical to the experi ment of finite length for t � T but which has Ct(t) = o for t > T. Therefore, T Xi r C�(t) dt = r C�(t) dt.
Jo Jo
Let C�(T) be the total amount of the second sub stance, both bound and unbound, in the system at time T. Since some of the unbound second material will become bound after time T while the rest will leave the system, we have
Because Eq, 6 is applicable to the infinitely long ex periment, substituting Eqs. 7 and 8 into Eq. 6 yields the following inequality for v:
According to Eq. 9, whenever T is sufficiently large such that C�(T) approximates C�(T), the ve locity equation that would arise from a detailed analysis of any particular system depends on the system's parameters predominantly through the constant Ie. Therefore, in the application of a specif ic compartmental model, inaccuracies due to an imperfect knowledge of individual rate constants or of the true compartmental structure will be small if Ie is known independently and the condition C�(T) = C �(T) can be achieved experimentally. The latter requirement implies not only that T should be large compared with the characteristic times for individ ual steps, but also that the input of the second sub stance should be weighted as far as possible towards the beginning of the experimental period. In some cases, when the actual compartmental system is not known, v may be adequately found by Eq. 9 alone, but in any case, an upper limit for v may be found by the use of this equation. Although no assumptions have been made about the relationship between primary and secondary substances, for practical purposes it must be such that Ie has definite and useful properties. This will usually mean that Ie is known a priori to remain constant under varying experimental conditions or throughout different anatomical regions. Further more, such knowledge alone can yield relative val ues for v without quantitative information about Ie.
